Testosterone (T) may enhance cognitive performance. However, its mechanisms are not well understood. First, we hypothesized that if T's eVects are mediated in part through actions of its 5 -reduced metabolites, dihydrotestosterone (DHT) and/or 3 -androstanediol (3 -diol) in the hippocampus, then T, DHT, and 3 -diol-administration directly to the hippocampus should enhance learning and memory in the inhibitory avoidance task. In order to test this hypothesis, gonadectomized (GDX) male rats were administered T, DHT, or 3 -diol via intrahippocampal inserts immediately following training in the inhibitory avoidance task. We found that T tended to increase, and DHT and 3 -diol signiWcantly increased, performance in the inhibitory avoidance task compared to vehicle-administered GDX rats. Second, we hypothesized that, if androgens' eVects are due in part to actions of 3 -diol in the hippocampus, then systemic or intrahippocampal administration of 3 -diol should signiWcantly enhance cognitive performance of GDX male rats. Third, we hypothesized that, if androgen metabolites can have actions at estrogen receptors (ERs) in the hippocampus, then administration of ER antisense oligonucleotides (AS-ODNs) directly to the hippocampus of GDX, 3 -diol replaced, rats would decrease learning in the inhibitory avoidance task. We found that intrahippocampal administration of AS-ODNs for ER , but not ER , signiWcantly decreased learning and memory of 3 -diol replaced rats. Together, these Wndings suggest that T's eVects to enhance learning and memory may take place, in part, through actions of its metabolite, 3 -diol, at ER in the dorsal hippocampus.
Introduction
Gender diVerences or developmental changes in androgen levels are correlated with diVerences in cognitive performance. Adult men with higher testosterone (T) levels show better cognitive performance on spatial tasks than do women (Bannerman et al., 2002; Barrett-Connor & GoodmanGruen, 1999; Christiansen & Knussman, 1987; Gouchie & Kimura, 1991; MoVat & Hampson, 1996; MoVat et al., 2003; Nass & Baker, 1991) . Men with lower levels of T, due to hypogonadism or aging, demonstrate poorer cognitive functioning than their androgen-replete counterparts, and these deWcits can be reduced by T-replacement therapy (Janowsky, Chavez, & Orwell, 1994; Lund, Bever-Stille, & Perry, 1999; Sternbach, 1998; Tan, 2001) . These Wndings suggest that Tadministration may alter cognitive behavior of people. In rodents, gonadectomy (GDX) decreases cognitive performance of male rats (Ceccarelli & Scaramuzzino, 2001; Frye & Seliga, 2001) . Androgen replacement to GDX rats restores performance in the inhibitory avoidance (Edinger & Frye, 2004; Frye & Edinger, 2004; Frye, Edinger, Seliga, & Wawrzycki, 2004; Frye & Seliga, 2001) , object recognition
